MCanxixun * Information


Mcanxixun * Information



*E-Material
*Metal Alloy
*Organic & Polymer

*Composite Materials

*Practical Application
*Tech News & New Tech

MCanxixun Information and News Service
Contents

3Tech News & New Tech（技术前沿）


3Graphene oxide’s secret properties revealed at atomic level


4氧化石墨烯在原子水平上的特性被揭示


4Researchers discover synthesis of new nanomaterial


5研究人员发现新型纳米材料的合成


6New, stable 2-D materials


7新型稳定二维材料


8Metal Alloy（金属合金）


8Hagen Symposium to focus on process efficiencies and special properties of PM materials


9本届哈根研讨会将集中关注粉末冶金材料的加工效率和特殊性能


9The multiferroic sandwich: Magnetic and ferroelectric metal are two faces of tomorrow’s materials


10多铁性叠加：磁性和铁电材料将会是未来材料发展的两个主要方面


11Metallic gels produce tunable light emission


13金属凝胶可生成可调发光


14Composite Materials（复合材料）


14Enabling the design of hybrid glasses


15可以被设计的混合玻璃


16Innovative Method Improves Strength and Modulus in Carbon Fibres


17用创新方法提高碳纤维的强度和模量


17PM process used to produce nanoporous metal papers for advanced electrodes


19生产先进电极纳米多孔金属纸的PM工艺


20Practical Application（实际应用）


20Glass Paint Chills Metal in the Sun


21玻璃漆冷却阳光下的金属


22Nanocrystals don’t add up for reactor materials


23纳米晶体不适合做反应堆材料


23Recipe for “sandwiching” atomic layers expands possibilities for energy storage materials


25“三明治”原子层新方法提高储能材料潜力


27Organic & Polymer（有机高分子材料）


27Laser-burned graphene gains metallic powers


28激光诱导石墨烯获得金属特性


29Manna from Heaven: Converting CO2 to Carbon Nanofiber


30来自天空的礼物：将二氧化碳转变为碳纳米纤维


31Nanotube fibers tested as way to restore electrical health to hearts


32测试纳米管纤维可否作为恢复心脏电力健康的一种方法


33E-Material（电子材料）


33Superlattice design realizes elusive multiferroic properties


34超晶格设计实现了难以获得的多铁性特性


35Metamaterials Help Machines Hear


36超材料协助机器“倾听”


37Researcher develops cheaper, better LED technology


38研究人员研发出成本更低且照明效果更好的LED技术




Tech News & New Tech（技术前沿）
Graphene oxide’s secret properties revealed at atomic level

Since its discovery, graphene has captured the attention of scientists and engineers for its many extraordinary properties. But graphene oxide—an oxidized derivative of graphene—largely has been viewed as graphene’s inferior cousin.

“Graphene is so perfect,” said Northwestern Engineering’s Jiaxing Huang. “And graphene oxide is more defective, so it’s like the weaker, less exciting version of graphene.”

Now a Northwestern Univ. team has found that graphene oxide’s seemingly undesirable defects surprisingly give rise to exciting mechanical properties. Led by Horacio Espinosa, the James N. and Nancy J. Farley Professor in Manufacturing and Entrepreneurship at Northwestern’s McCormick School of Engineering, the researchers used a unique experimentation and modeling approach to become the first to examine the mechanics of this previously ignored material at the atomic level. What they discovered could potentially unlock the secret to successfully scaling up graphene oxide, an area that has been limited because its building blocks have not been well understood.

“Our team discovered that graphene oxide exhibits remarkable plastic deformation before breaking,” said Espinosa. “Graphene is very strong, but it can break suddenly. We found that graphene oxide, however, will deform first before eventually breaking.”

Huang compares the difference in the materials’ properties to common objects. “Ceramic is strong,” he says, “but if you break it, it will shatter. Now if a plastic cup is squeezed, it will bend before it snaps.”

Supported by the Army Research Office and National Science Foundation’s Designing Materials to Revolutionize and Engineer Our Future program, the research is described in Nature Communications. In addition to Espinosa, Northwestern Engineering’s Jiaxing Huang, associate professor of materials science and engineering, and SonBinh T. Nguyen, professor of chemistry in the Weinberg College of Arts and Sciences, are co-principal investigators on the project. Postdoctoral fellow Xiaoding Wei and graduate students Rafael A. Soler-Crespo and Lily Mao are co-first authors of the paper.

The team found that graphene oxide’s plasticity is due to an unusual mechanochemical reaction. Graphene oxide comprises two carbon atoms and one oxygen atom, a formation known as an epoxide. This can be imagined as a triangle with two carbon atoms at the base and an oxygen atom at the top. When an epoxide’s bonds are chemically broken, the carbon-oxygen bonds break, leaving the carbon-carbon bond in tact. The research team, however, found that when a mechanical force was applied to graphene oxide, the carbon-carbon bond broke first, leaving the carbon-oxygen bonds in place.

“We uncovered this surprise on the atomic scale,” Nguyen said. “This is completely different than what occurs in other materials and a very unusual property for the graphene oxide sheet.”

Knowing how graphene oxide functions at the atomic scale could allow researchers to tune the material’s properties. The Northwestern team is now extending its research to understanding the mechanical properties of graphene oxide-polymer interfaces, which is critical to scaling up the material.

“Our studies imply that the answers to scaling up graphene oxide may lie, in part, to the chemistry at the atomic level,” Espinosa said. “With more information obtained at different length scales as well as advances in synthesis methods, we will eventually piece the puzzle together.”

Source: Northwestern Univ. 

氧化石墨烯在原子水平上的特性被揭示

自石墨烯被发现以来，因其具有许多非凡性能，它一直被科学家和工程师所关注。但石墨烯氧化物这个石墨烯的氧化衍生物，在很大程度上，一直被看作是石墨烯的劣质关联物。

“石墨烯是那么完美，”西北大学工程学院的黄嘉兴（音译）说。“但氧化石墨烯是有很多缺陷，所以它就像一个弱者，一个石墨烯的不太让人兴奋的版本。”

现在美国西北大学的一个小组发现，氧化石墨烯似乎不受欢迎的缺陷能够给予令人兴奋的机械性能。在美国西北大学麦考密克工程学院制造和创业工程系教授奥拉西奥•埃斯皮诺萨、詹姆斯N.和南希J.法利领导下，研究人员使用了一种独特的实验和建模方法，第一次测试到这个以前被忽视的材料在原子水平上的机械性能。他们的发现可能打开秘密，从而成功地扩大石墨烯氧化物的应用，这一应用领域因为它的构造还没有被很好地理解而被限制。

“我们的研究小组发现，氧化石墨烯在被折断前表现出显着的塑性变形，”埃斯皮诺萨说。“石墨烯非常强韧，但它可以被突然折断。但是，我们发现氧化石墨烯在最终折断之前会发生变形。”

黄比较了一般物质在材料性能上的差异。“陶瓷是强韧的，”他说，“但如果你打破它，它会碎裂。现在如果一个塑料杯中被挤压，在它断裂前它会弯曲。”

由美国陆军研究办公室和美国国家科学基金会的材料设计革命和我们未来工程师计划支持，该项研究在自然通讯上被发表。除了埃斯皮诺萨，西北大学工程学院的材料科学与工程系副教授黄嘉兴和温伯格艺术与科学学院的化学教授宋斌 T.阮都是该项目的联合首席研究员。博士后研究员魏小丁和研究生拉斐尔A.索勒 - 克雷斯波和毛莉莉是本文的共同第一作者。

研究小组发现，氧化石墨烯的可塑性是由于一个不寻常的机械化学反应。石墨烯氧化物包含两个碳原子和一个氧原子，这是一个被称为环氧化物的结构。这可以被想象成一个三角形，两个碳原子在底部和氧原子在顶部。当环氧化物的键被化学性破坏时，碳-氧键断裂，留下活跃的碳-碳键。但是，该研究小组发现，当到石墨烯氧化物被施加机械力时，碳-碳键首先断裂，留下碳-氧键在适当位置。

“我们发现了这个原子层面的惊喜，”阮说。“这个和在其他材料上发生的事情是完全不同的，是一个氧化石墨烯片非常不寻常的特性。”

知道氧化石墨烯在原子层面上的表现，可以让研究人员调整材料的性质。现在西北大学的小组正在扩大其研究，以理解的石墨烯氧化物 - 聚合物界面的机械性能，这对扩大的材料的应用至关重要。

“我们的研究表明：在某种程度上，扩大石墨烯氧化物应用的答案可能在于其原子水平上的化学组成，”埃斯皮诺萨说。“随着在不同的尺度上获得越来越多的信息以及在合成方法的进步，我们将最终的弄明白这些问题。”

来源：美国西北大学。

Researchers discover synthesis of new nanomaterial 
Faculty at Louisiana Tech Univ. have discovered, for the first time, a new nanocomposite formed by the self-assembly of copper and a biological component that occurs under physiological conditions, which are similar to those found in the human body and could be used in targeted drug delivery for fighting diseases such as cancer.

The team, led by Dr. Mark DeCoster, the James E. Wyche III Endowed Associate Professor in Biomedical Engineering at Louisiana Tech, has also discovered a way for this synthesis to be carried out in liquid form. This would allow for controlling the scale of the synthesis up or down, and to grow structures with larger features, so they can be observed.

The discovery was published in JoVE (Journal of Visualized Experiments).

“We are currently investigating how this new material interacts with cells,” said DeCoster. “It may be used, for example for drug delivery, which could be used in theory for fighting diseases such as cancer. Also, as a result of the copper component that we used, there could be some interesting electronics, energy, or optics applications that could impact consumer products. In addition, copper has some interesting and useful antimicrobial features.

“Finally, as the recent environmental spill of mining waste into river systems showed us, metals, including copper, can sometimes make their way into freshwater systems, so our newly discovered metal-composite methods could provide a way to “bind up” unwanted copper into a useful or more stable form.”

DeCoster said there were two aspects of this discovery that surprised him and his research team. First, they found that once formed, these copper nanocomposites were incredibly stable both in liquid or dried form, and remained stable for years. “We have been carrying out this research for at least four years and have a number of samples that are at least two years old and still stable,” DeCoster said.

Second, DeCoster’s group was very surprised that these composites are resistant to agglomeration, which is the process by which material clumps or sticks together.

“This is of benefit because it allows us to work with individual structures in order to separate or modify them chemically,” explains DeCoster. “When materials stick together and clump, as many do, it is much harder to work with them in a logical way. Both of these aspects, however, fit with our hypothesis that the self-assembly that we have discovered is putting positively charged copper together with negatively charged sulfur-containing cystine.”

The research discovery was a team effort that included DeCoster and Louisiana Tech students at the bachelor, master and doctoral level. “The quality of my team in putting together a sustained effort to figure out what was needed to reproducibly carry out the new self-assembly methods and to simplify them really speaks well as to what can be accomplished at Louisiana Tech University,” DeCoster said. “Furthermore, the work is very multi-disciplinary, meaning that it required nanotechnology as well as biological and biochemical insights to make it all work, as well as some essential core instrumentation that we have at Louisiana Tech.”

DeCoster says the future of this research has some potentially high impacts. He and his team are speaking with colleagues and collaborators about how to test these new nanocomposites for applications in bioengineering and larger composites such as materials that would be large enough to be hand-held.

“Our recent publication of the work could generate some interest and new ideas,” said DeCoster. “We are working on new proposals to fund the research and to keep it moving forward. We are currently making these materials on an ‘as needed’ basis, knowing that they can be stored once generated, and if we discover new uses for the nanocomposites, then applications for the materials could lead to income generation through a start-up company that I have formed.”

Source: Louisiana Tech Univ. 

研究人员发现新型纳米材料的合成

路易斯安那理工大学的研究人员首次发现一个新的由可自我组装的铜分子和生物成分组成的纳米复合材料，它在一定的生理条件下产生，它类似于在人体中发现的相同物质，并且可用于靶向药物递送，来抵抗例如癌症之类的疾病。

詹姆斯E.威奇III资助的和路易斯安那理工生物医学工程系助理教授马克•迪科斯特博士领导的团队，还发现一种以液体状态传递该合成物的方法。该方法允许控制合成物上下运动的幅度，以及增加具有较大特征的结构，以便它们可以被观察到。

这一发现发表在JoVE（《可视化实验期刊》，Journal of Visualized Experiments）上。

“我们现在正在研究这种新材料与细胞之间怎样相互作用，”迪科斯特说。“它可以用来，例如药物递送，其在理论上可以用来抵抗诸如癌症等疾病。此外，由于含有我们使用的铜成分，它可能拥有一些令人有趣的电子、能源，或光学器件的应用，这可以影响消费者的产品。此外，铜分子具有一些令人感兴趣的和有用的抗菌功能。”

“最后，像最近采矿废水生态性注入河流系统展示给我们的，金属，包括铜，有时可以以它们的方式进入淡水系统，所以我们最新发现的金属复合材料的合成办法可以提供一种让不需要的铜形成有用的或更稳定的形式的方法。”

迪科斯特说，这一发现有两个方面让他和他的研究小组感到惊讶。第一，他们发现，一旦形成，这些铜的纳米复合材料在液体或干燥状态下都是难以置信的稳定，并且这种稳定可以保多年。“我们进行这项研究已经至少四年了，并且有一些样品保留了至少两年，但仍然很稳定，”迪科斯特说。

其次，迪科斯特的研究小组非常惊讶的是，这些复合材料具有耐结块的性能，结块是材料结团或粘在一起的过程。

“这是有好处的，因为它可以让我们在单一的结构下化学的分离或改变它们，”迪科斯特解释说。“像很多情况一样，当材料粘在一起和成簇时，在一个合理的方式下研究它们会更加困难。但是，这两个方面都符合我们的假设，即我们已经发现得自我组装是带正电铜与带负电荷的含硫胱氨酸结合在一起。”

这项研究发现是一个团队努力的结果，其中包括迪科斯特和路易斯安那理工大学的本科、硕士和博士学生。“我的团队的组建了一个持续的努力，找出需要什么，重复地进行新的自组装方法和简化他们很清楚的说明以及什么可以在路易斯安那理工大学完成的质量，”迪科斯特说。“此外，该工作涉及非常多的学科，这意味着它需要纳米技术以及生物和生化的视野来使这一切工作，同时也需要我们在路易斯安那理工的一些重要的核心仪器。”

迪科斯特说，这项研究在未来具有一些潜在的巨大影响。他和他的团队向同事和合作者介绍如何测试新的纳米复合材料在生物工程和更大的复合材料中的应用，更大的复合材料是指大到可以手持的材料。

“我们工作最近的公布可能会产生一些兴趣和新想法，”迪科斯特说。“我们正在研究的新提议，以便获得研究的资助和保持其继续进行下去。因为知道它们一旦成型就可以储存，我们现在以需求为基础制成这些材料制成，如果我们发现这些纳米复合材料的新用途，那么这些材料的应用就可以通过我所建立的初创公司来产生利润收入。

资料来源：路易斯安那理工大学。 
New, stable 2-D materials
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The team created devices to stabilize 2-D materials. Image: Univ. of Manchester
Dozens of new 2-D materials similar to graphene are now available, thanks to research from Univ. of Manchester scientists.

These 2-D crystals are capable of delivering designer materials with revolutionary new properties.

The problem has been that the vast majority of these atomically thin 2-D crystals are unstable in air, so react and decompose before their properties can be determined and their potential applications investigated.

Writing in NanoLetters, the Univ. of Manchester team demonstrate how tailored fabrication methods can make these previously inaccessible materials useful.

By protecting the new reactive crystals with more stable 2-D materials, such as graphene, via computer control in a specially designed inert gas chamber environments, these materials can be successfully isolated to a single atomic layer for the first time.

Combining a range of 2-D materials in thin stacks give scientists the opportunity to control the properties of the materials, which can allow “materials-to-order” to meet the demands of industry.

High-frequency electronics for satellite communications, and lightweight batteries for mobile energy storage are just two of the application areas that could benefit from this research. The breakthrough could allow for many more atomically thin materials to be studied separately as well as serve as building blocks for multilayer devices with such tailored properties.

The team, led by Dr. Roman Gorbachev, used their unique fabrication method on two particular 2-D crystals that have generated intense scientific interest in the past 12 months but are unstable in air: black phosphorus and niobium diselenide.

The technique the team have pioneered allows the unique characteristics and excellent electronic properties of these air-sensitive 2-D crystals to be revealed for the first time.

The isolation of graphene in 2004 by a Univ. of Manchester team lead by Sir Andre Geim and Sir Kostya Novoselov led to the discovery of a range of 2-D materials, each with specific properties and qualities.

Dr. Gorbachev said: “This is an important breakthrough in the area of 2-D materials research, as it allows us to dramatically increase the variety of materials that we can experiment with using our expanding 2-D crystal toolbox.

“The more materials we have to play with, the greater potential there is for creating applications that could revolutionize the way we live.” Sir Andre Geim added.

Source: Univ. of Manchester 

新型稳定二维材料
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团队创建了稳定二维材料的设备。图片来自：曼彻斯特大学

多亏了曼彻斯特大学科学家们的研究，现在已经有几十种类似于石墨烯的二维材料可以使用。

这些二维晶体可以制造具有革命性的新特性的设计材料。

问题是，绝大多数的自动薄二维晶体在空气中是不稳定的，所以在确定它的属性和潜在的应用研究之前，它就已经反应和分解了。

曼彻斯特大学团队在《纳米快报》(NanoLetters)中演示了如何用定制的制造方法使这些之前不常见的材料变得有用。

通过保护更稳定的二维材料新活性晶体，比如石墨烯，通过计算机控制在一个特别设计的惰性气体室环境中，这些材料可以第一次成功分离出一个原子层。

把一系列的二维材料结合到薄栈中，让科学家们有机会控制材料的属性，从而使“定制材料”能够满足工业的需求。

高频电子卫星通信和轻量级移动储能电池是从这项研究受益的应用领域中的两个重大突破。这项突破考虑到，单独研究更多的自动薄材料并把他们做成构建模块，然后应用到具有这种定制属性的多层材料中。

罗马•戈尔巴乔夫博士领导的团队，用独特的制造方法制造出了两个特定的二维晶体：黑磷和铌联硒化物。虽然它们在过去的12个月里创造了科学价值，但在空气中仍然不稳定。

团队开发的技术使得这些气敏二维材料的特性和优秀的电子属性在第一时间显现出来。

2004年，由安德烈•海姆先生和科斯特亚•诺沃肖洛夫先生领导的曼彻斯特大学团队隔离了石墨烯，这导致了一系列二维材料的发现，它们每一种都具有特定的特性和品质。

戈尔巴乔夫博士说：“这是二维材料研究领域的一个重要突破，因为它大大增加了各种各样的材料，我们可以通过使用扩张的二维晶体工具箱用这些材料做实验。”

“我们研究的材料越多，研究创建应用程序的潜能越大，这样可以彻底改变我们的生活方式。”安德烈•海姆先生补充道。

资料来源：曼彻斯特大学
Metal Alloy（金属合金）
Hagen Symposium to focus on process efficiencies and special properties of PM materials
The Fachverband Pulvermetallurgie (FPM), the German trade association for Powder Metallurgy, has published the technical programme for the 34th Hagen Symposium scheduled to take place in Hagen, Germany, November 26-27, 2015.

The programme will embrace a wide range of PM processes such as rapid sintering, Additive Manufacturing, trends in hardmetal cutting tools, advanced PM aerospace alloys, ferrous structural parts, powder forged steels, magnetic materials and ceramics for filtration applications. Around 60 organisations from industry and research are expected to take part in the exhibition which will run alongside the symposium. 

The symposium will include the presentation of the Skaupy Prize to Austrian scientist Professor Wolf-Dieter Schubert who heads the Research Group on the Metallurgy of the Less Common Metals at the Institute of Chemical Technology and Analytics, Vienna University of Technology. 

Professor Schubert, who has devoted much of his working life to researching metallurgical aspects relating to tungsten carbide based hardmetals, will present his Skaupy Lecture on ‘Ultra-fine grain hardmetals – from powder to sintered tools’.  The lecture will cover powder production, the selection of grain growth inhibitors, alternative consolidation processes for ultra-fine grain hardmetals, and examples of applications.

本届哈根研讨会将集中关注粉末冶金材料的加工效率和特殊性能
德国的粉末冶金贸易协会粉末冶金协会(FPM)，为2015年11月26-27日在德国哈根召开的第34届哈根研讨会发布了技术方案。

这个技术方案包括了许多不同种类的粉末冶金加工，如快速烧结、增材制造、硬质金属切割工具的发展方向、先进的粉末宇航合金、铁结构件、粉末锻钢、磁性材料和陶瓷过滤器。大约60个工业和研究组织有望亮相围绕研讨会进行的展销会。

本次研讨会将会包括澳大利亚科学家沃夫•迪特尔•舒伯特教授——领导维也纳科技大学化学技术与分析研究所的研究小组对稀有金属冶金进行了研究——关于斯考皮大奖（Skaupy Prize）的获奖演讲。

舒伯特教授将他的大部分工作时间用于碳基硬质合金的冶金学研究，他将会在获奖演讲中介绍有关“超微粒硬质金属——从粉末到烧结工具”。他的演讲将会覆盖粉末生产、晶体生长抑制剂的选择、超微粒硬质合金的选择性固结过程以及这些方面的应用范例。
The multiferroic sandwich: Magnetic and ferroelectric metal are two faces of tomorrow’s materials
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A simulation of a mutiferroic material. Courtesy of James Rondinelli

Two properties are particularly sought after in materials for technology (for a variety of devices from sensors to computer memory, etcetera): magnetism and ferroelectricity. Obtaining materials with both qualities is highly desirable. At the present time, these properties have shown to be almost entirely mutually exclusive, but a new study conducted by SISSA/Northwestern University introduces an innovative method which may soon become reality.

Magnetism is well known in empirical uses: it makes the needle of the compass point towards the North Pole, a magnetic field can align magnetic moments called spin of the electrons that make up the material. Ferroelectricity is the electric form of magnetism. Ferroelectric materials maintain electric polarization even after the electrical field that caused it is removed. The two properties are extremely useful, and would be even more so if they coexisted in the same material. At the moment one precludes the other: a material is either ferroelectric or magnetic.

Things may soon change. A new study conducted by SISSA and Northwestern University (Illinois, USA) published in the review Physical Review Letters, proposes a completely new model for creating these “multiferroic” materials.

“Ours is certainly not the first attempt at obtaining a material of this kind, but up to this point there has been little in terms of satisfying results,” notes Massimo Capone, SISSA researcher and one of the authors of the study. “Our method is based on a surprising system.” Capone and his colleagues’ work is a theoretical study which will serve as a guide for developing the material itself.

“Our approach is based on creating a sort of sandwich with layers of Lithium Osmate, a ferroelectric metallic material, alternating with insulating material. Adding insulation causes magnetic properties to emerge from two non-­‐magnetic materials. This arrangement, which we refer to in jargon as heterostructures, slows down electrons in the system, and it is this phenomenon that leads to the emergence of magnetism,” explains Gianluca Giovanetti, SISSA/CNR IOM researcher, and one of the authors of the study.

“Our theoretical model shows a clear effect, and furthermore, we show that it is possible to control ferroelectricity with magnetism, another important property,” concludes Capone. “The next step will be to test the material itself.”

SOURCE: International School of Advanced Studies
多铁性叠加：磁性和铁电材料将会是未来材料发展的两个主要方面
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多铁性材料模拟图。图片由詹姆•隆迪内利提供。

用于科技（从传感器到计算机内存的各种设备等）的材料，有两个格外重要的属性：磁性和铁电性。人们最期望能够获得同时包含这两种属性的材料。虽然眼下这两种属性是完全相互排斥，但是由里亚斯特高级国际学院（SISSA）和西北大学共同进行的研究开创了一种新方法，也许很快能使同时具有这两种互斥属性的材料成为现实。

众所周知磁性的作用是：能够使罗盘上的指针指向北极，一个磁场可通过调整电子的自旋磁矩使之形成材料。铁电性是磁性中电的排列。铁电材料即使在电场消失后依然会保持电极化。所以这两个属性是非常有用的，而如果它们能共存于同一材料中的话就更为理想了。不过现在的情况是他们互相排斥，一种材料中要么仅有铁电性，要么仅有磁性。

这种互斥情况很快可能会被改变。里亚斯特高级国际学院（SISSA）和西北大学（伊利诺斯州，美国）将它们共同研究的结果发表在了《物理评论快报》（Physical Review Letters）上，提出了一种制造“多铁性”材料的全新模式。
“我们显然不是第一次尝试获取这种材料了，但是到目前为止在这方面还并没有收到满意的结果，”马西•莫卡彭——里亚斯特高级国际学院（SISSA）研究员和研究报告的作者之一——说道，“我们的方法是基于一个意外发现的系统之上的。”他和同事们的工作内容是为研发材料提供理论研究。

“我们方法的基础是用绝缘材料分隔锂锇层和铁电性金属材料然后进行叠加。绝缘层的添加可以使两层非磁性材料产生磁性。我们参考异质结构进行了这样的安排，它可以减慢系统中电子的运动从而产生磁性。”詹卢卡•焦瓦内蒂解释道，他是里亚斯特高级国际学院（SISSA）和国际材料研究所（CNR IOM）的研究人员，也是此项研究成果的作者之一。

“我们的理论模型效果明显，而且，我们还发现另外一个重要的属性，即利用磁性控制铁电性。”卡彭总结道，“下一步我们将对材料本身进行测验。”

资料来源：国际先进研究学院
Metallic gels produce tunable light emission
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Luminescent materials produced by the MIT team are shown under ultraviolet light, emitting different colors of light that can be modified by their environmental conditions. Image: Tara Fadenrecht

Researchers at Massachusetts Institute of Technology (MIT) have developed a family of materials that can emit light of precisely controlled colors—even pure white light—and whose output can be tuned to respond to a wide variety of external conditions. The materials could find a variety of uses in detecting chemical and biological compounds, or mechanical and thermal conditions.

The material, a metallic polymer gel made using rare-earth elements, is described in a paper in the Journal of the American Chemical Society by assistant professor of materials science and engineering Niels Holten-Andersen, postdoc Pangkuan Chen and graduate students Qiaochu Li and Scott Grindy.

The material, a light-emitting lanthanide metallogel, can be chemically tuned to emit light in response to chemical, mechanical, or thermal stimuli—potentially providing a visible output to indicate the presence of a particular substance or condition.

The new material is an example of work with biologically inspired materials, Holten-Andersen explains. “My niche is biomimetics—using nature’s tricks to design bio-inspired polymers,” he says. There are an amazing variety of “really funky” organisms in the oceans, he says, adding: “We’ve barely scratched the surface of trying to understand how they’re put together, from a chemical and mechanical standpoint.”

Studying such natural materials, evolved over millions of years to adapt to challenging environmental conditions, “allows us as engineers to derive design principles” that can be applied to other kinds of materials, he adds.

Holten-Andersen’s own research has examined a particular kind of crosslinking in the threads mussels use to anchor themselves to rocks, called metal-coordination bonds. These bonds, he adds, also play an important role in many biological functions, such as binding oxygen to hemoglobin in red blood cells.

He emphasizes that the idea is not to copy nature, but to understand and apply some of the underlying principles of natural materials; in some cases, these principles can be applied in materials that are simpler in structure and easier to produce than their natural counterparts.

In this case, the use of a metal from the lanthanide group, also known as rare-earth elements, combined with a widely used polymer called polyethylene glycol, or PEG, results in a material that produces tunable, multicolored light emissions. The light emission can then reflect very subtle changes in the environment, providing a color-coded output that reveals details of those conditions.

“It’s super-sensitive to external parameters,” Holten-Andersen says. “Whatever you do will change the bond dynamics, which will change the color.”

So, for example, the materials could be engineered to detect specific pollutants, toxins, or pathogens, with the results instantly visible just through color emission.

The materials can also detect mechanical changes, and could be used to detect stresses in mechanical systems, Holten-Andersen says. For example, it’s difficult to measure forces in fluids, he says, but this approach could provide a sensitive means of doing so.

The material can be made in a gel, a thin film, or a coating that could be applied to structures, potentially indicating the development of a failure before it happens.

Metal-coordination bonds in polymers have been the subject of other work by Holten-Andersen: In a separate paper he published in Nature Materials, he reported making polymers with tunable mechanical properties, including stiffness. These materials are naturally self-assembling and self-healing, he says, and could be useful as energy-absorbing materials or in biological implants that need to be able to absorb impacts without breaking, he says.

Source: Massachusetts Institute of Technology
金属凝胶可生成可调发光
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麻省理工学院（MIT）的研究小组研制出了一种发光材料，其在紫外线的照射下会发出不同颜色的光，而且可以会因周围环境的影响而变化。图片提供：塔拉•范丹雷希特

麻省理工学院（MIT）的研究人员已经开发出一种可以准确控制颜色的发光材料（包括白光），而且这种材料的输出可以被调节对外部条件做出反应。该材料可以大范围地应用于化学检测、生物复合以及机械和热力工况。

该材料是由稀土元素制成的金属聚合物凝胶，材料与工程学助理教授尼尔斯•霍尔滕•安德森，博士后陈庞宽、研究生李翘楚和斯科特格安迪联合将这项发现发表在了《美国化学会志》（Journal of the American Chemical Society）上。

该材料是一种发光镧系元素金属凝胶，可以使用化学方法调准其发光以对化学制品、机械或热量的刺激做出反应，这可能会利用一种明显的输出来识别出特别的物质或条件。

这种新材料是生物材料研究的一项成果，霍尔滕•安德森解释道：“我的领域是生体模仿学，即用大自然的方法来设计仿生聚合物，”他还表示，在海洋生存着大量神奇且“很特别”的有机体，“从化学和机械的角度来看，对于他们能够结合在一起的原理，我们的研究仅仅接触到了皮毛。”他补充道。

这种天然材料，为了适应环境条件的挑战进行了上百万年的进化，而对于它们的研究，“使我们这些工程师获得了材料设计原理，”他补充道，而这些设计原理可以应用于其他各种材料的研究。

霍尔滕•安德森的对一种将贝类用于将其固定在岩石上的特定交联（又名金属配位键）进行了研究。他表示，这些配位键在很多生物功能中扮演着重要角色，比如红细胞中的血红蛋白对氧气的吸收。

他强调这项研究并不是对大自然规律的简单复制，而是去了解和运用大自然物质的基本原理; 在某些情况下,相对于天然物质,这些基本原理可以更轻松地应用到物质的结构与制造中。

在这种情况下，使用镧系元素金属（也被称为稀土元素），与另一种被广泛应用的聚氧乙烯（或聚乙二醇）进行化合后，生成了一种可以发出可调多色光的物质。这种光发射能反映出外部环境中非常微妙的变化，为这些变化提供了一种颜色编码。

 “它对外部参数非常敏感，”霍尔滕安德森说。“无论你做什么，只要改变键的动态的话，光的颜色也会随之改变。”

因此举例来说的话，这种物质因其明显的发光颜色可以被设计用来检测特定的污染物，毒素，或病原体。

该物质还可以检测机械的变化和机械系统中的应力，霍尔滕•安德森说道。例如，对流体中的力的测量非常困难，但是利用他的方法测量的话将会简单得多。

这种物质可被制成凝胶，薄膜或涂层，然后应用于结构体上来对故障进行预测。

霍尔滕•安德森将聚合物金属配位键作为其工作的主题，在他发表在《自然材料》的一篇论文中，他提到可以使聚合物具有包括刚度在内的可调机械性。他表示，这些材料因具有自组装性和自愈性，所以可作为吸收能量的材料，或能吸收冲击且不会造成破坏的生物植入体。

资料来源：麻省理工学院 
Composite Materials（复合材料）
Enabling the design of hybrid glasses

A new method of manufacturing glass could lead to the production of “designer glasses” with applications in advanced photonics, whilst also facilitating industrial scale carbon capture and storage. An international team of researchers, writing in Nature Communications, report how they have managed to use a relatively new family of sponge-like porous materials to develop new hybrid glasses.

The work revolves around a family of compounds called metal-organic frameworks (MOFs), which are cage-like structures consisting of metal ions, linked by organic bonds. Their porous properties have led to proposed application in carbon capture, hydrogen storage and toxic gas separations, due to their ability to selectively adsorb and store pre-selected target molecules, much like a building a sieve which discriminates not only on size, but also chemical identity.

However, since their discovery a quarter of a century ago, their potential for large-scale industrial use has been limited due to difficulties in producing linings, thin films, fibrous or other 'shaped' structures from the powders produced by chemical synthesis. Such limitations arise from the relatively poor thermal and mechanical properties of MOFs compared to materials such as ceramics or metals, and have in the past resulted in structural collapse during post-processing techniques such as sintering or melt-casting.

Now, a team of researchers from Europe, China and Japan has discovered that careful MOF selection and heating under argon appears to raise their decomposition temperature just enough to allow melting, rather than the powders breaking down. The liquids formed have the potential to be shaped, cast and recrystallized, to enable solid structures with uses in gas separation and storage.

Dr. Thomas Bennett from the Dept. of Materials Science and Metallurgy at the Univ. of Cambridge says: "Traditional methods used in melt-casting of metals or sintering of ceramics cause the structural collapse of MOFs due to the structures thermally degrading at low temperatures. Through exploring the interface between melting, recrystallization and thermal decomposition, we now should be able to manufacture a variety of shapes and structures that were previously impossible, making applications for MOFs more industrially relevant".

Equally importantly, say the researchers, the glasses that can be produced by cooling the liquids quickly are themselves a new category of materials. Further tailoring of the chemical functionalities may be possible by utilizing the ease with which different elements can be incorporated into MOFs before melting and cooling.

Prof. Yuanzheng Yue from Aalborg Univ. adds: "A second facet to the work is in the glasses themselves, which appear distinct from existing categories. The formation of glasses that contain highly interchangeable metal and organic components, in is highly unusual, as they are normally either purely organic, for example in solar cell conducting polymers, or entirely inorganic, such as oxide or metallic glasses. Understanding the mechanism of hybrid glass formation will also greatly contribute to our knowledge of glass formers in general."

Using the advanced capabilities at the U.K.'s synchrotron, Diamond Light Source, the team were able to scrutinize the metal organic frameworks in atomic detail. Professor Trevor Rayment, Physical Science Director at Diamond, comments: "This work is an exciting example of how work with synchrotron radiation which deepens our fundamental understanding of the properties of glasses also produces tantalizing prospects of practical applications of new materials. This work could have a lasting impact on both frontiers of knowledge."

The researchers believe the new technique could open up the possibility of the production of 'chemically designed' glasses whereby different metals or organics are swapped into, or out of, the MOFs before melting.

Source: Univ. of Cambridge 

可以被设计的混合玻璃 

使用一种玻璃制造的新方法，我们可以生产出“可设计玻璃”并应用于先进光子学领域，同时也有利于碳封存技术的产业规模化。在发表于《自然通讯》（Nature Communications）上的文章中，一个国际研究员小组阐明了他们是如何成功地使用一种相对较新的海绵状多孔系列材料来开发新的混合玻璃的。

该项工作涉及到一个被称为有机-金属骨架（MOFs）的化合物家族，它是笼状结构，由金属离子构成，同时由有机键连接。其多孔性质被有意识地应用到碳捕获技术、氢储藏和有毒气体的分离，因为它们能够选择性地吸附并存储预先选择目标分子，就像制造一个筛子，它不仅可以判别尺寸的大小，也可以判别化学元素的身份。 

但是，自从四分之一个世纪之前MOF被发现以来，其潜在的大规模工业应用一直被限制，由于化学合成的粉末很难用于生产内膜、薄膜、纤维或其他“有形状”的结构。相比于如陶瓷或金属之类的材料，MOFs材料相对较差的热和机械性能带来了这些材料的局限，同时也导致了在过去如烧结或熔融铸件的等后处理过程中产生结构崩溃。

如今，来自欧洲、中国和日本的一组研究人员已经发现，通过精心挑选MOF并在氩气中加热似乎可以提高其分解温度到刚好足以熔化，而不是让粉末破碎。形成的液体可成形、浇铸和重结晶，以获得能够用于气体分离和储存的固体结构。

剑桥大学材料科学与冶金系的托马斯•班尼特博士说：“在金属熔融浇铸或陶瓷烧结中使用的传统方法引起的MOFs的结构崩溃是由于结构在低温下发生热降解。通过探索熔化、重结晶和热分解之间的关系，我们现在应该能够制造各种各样在以前是不可能获得的形状和结构，使得MOFs可以在更多相关工业中应用”。

同样重要的是，研究人员说，通过快速的冷却液态而生产的玻璃本身是一个新类别的材料。化学功能的进一步的筛选是可以的，通过利用这一容易时期在熔化和冷却之前将不同的元素掺入到MOF材料之中。

奥尔堡大学的岳远征（音译）教授补充说：“第二个方面的工作是玻璃本身，它似乎从现有的类别截然不同。该种玻璃的机构含有可高度互换的金属和有机成分，是极不寻常的，因为他们通常要么是纯有机，例如太阳能电池中的导电聚合物，要么是完全无机的，如氧化物或金属玻璃。理解的混合玻璃的形成机制也将极大地促进了我们对于玻璃形成的通常认识”。

在英国同步回旋加速器，钻石光源，使用这个高级功能，该团队能够在原子层面仔细检查有机金属骨架的细节。钻石光源物理科学部主特雷弗•雷蒙教授评价说：“这项研究是一个如何与同步辐射工作的令人兴奋的例子，它加深了我们对玻璃性能的基本认识，也产生了新材料实际应用的诱人前景。这项研究工作会对两个前沿知识产生持久影响”。

研究人员认为，这项新技术可以开辟“化学设计的”玻璃生产的可能性，而不同的金属或有机物在溶化前被加入到，或者移出MOFs材料。

资料来源：剑桥大学 
Innovative Method Improves Strength and Modulus in Carbon Fibres
A research team at the Georgia Institute of Technology, US, has developed a novel technique that sets a new milestone for the strength and modulus of carbon fibres.
According to the Institute, carbon fibres are stronger and lighter than steel, and composite materials based on carbon fibre reinforced polymers are being used in an expanding range of aerospace, automotive, and other applications - including major sections of the Boeing 787 aircraft. It's widely believed, moreover, that carbon fibre technology has the potential to produce composites at least 10 times stronger than those in use today.
It says that its alternative approach is based on an innovative technique for spinning polyacrylonitrile (PAN), an organic polymer resin used to make carbon fibres. The work is part of a four-year, $9.8 million project sponsored by the Defense Advanced Research Projects Agency (DARPA) to improve the strength of carbon fibre materials. The research was reported recently in the journal, Carbon.
"By using a gel-spinning technique to process polyacrylonitrile copolymer into carbon fibres, we have developed next-generation carbon fibres that exhibit a combination of strength and modulus not seen previously with the conventional solution-spun method," said Satish Kumar, a Professor in the Georgia Tech School of Materials Science and Engineering who leads the project. "In addition, our work shows that the gel-spinning approach provides a pathway for even greater improvements."
Kumar explained that tensile modulus, a measure of stiffness, refers to the force needed to stretch a material by a given amount. Tensile strength expresses how much force is required to actually break the material.
In gel spinning, the solution is first converted to a gel; this technique binds polymer chains together and produces robust inter-chain forces that increase tensile strength. Gel spinning also increases directional orientation of fibres, which also augments strength. By contrast, in conventional solution spinning, a process developed more than 60 years ago, PAN co-polymer solution is directly converted to a solid fibre without the intermediate gel state and produces less-robust material.
The gel-spun carbon fibre produced by Kumar's team was tested at 5.5 to 5.8 gigapascals (GPa), a measure of ultimate tensile strength, and had a tensile modulus in the 354-375 GPa range. The material was produced on a continuous carbonisation line at Georgia Tech that was constructed for this DARPA project.
"This is the highest combination of strength and modulus for any continuous fibre reported to-date," Kumar said. "And at short gauge length, fibre tensile strength was measured as high as 12.1 GPa, which is the highest tensile-strength value ever reported for a PAN-based carbon fibre."
Kumar noted the internal structure of these gel-spun carbon fibres measured at the nanoscale showed fewer imperfections than state-of-the-art commercial carbon fibres, such as IM7. Specifically, the gel-spun fibres display a lower degree of polymer-chain entanglements than those produced by solution spinning. This smaller number of entanglements results from the fact that gel spinning uses lower concentrations of polymer than solution-spinning methods.
Kumar and his team convert the gel-spun polymer mix into carbon fibres via a selective treatment process called pyrolysis, in which the spun polymer is gradually subjected to both heat and stretching. This technique eliminates large quantities of hydrogen, oxygen, and nitrogen from the polymer, leaving mostly strength-increasing carbon.
"It's important to remember that the current performance of solution-spun PAN-based carbon fibres has been achieved after many years of material and process optimisation, yet very limited material and process optimisation studies have been carried out to date on the gel-spun PAN fibre," Kumar said. "In the future, we believe that materials and process optimisation, enhanced fibre circularity, and increased solution homogeneity will further increase the strength and modulus of the gel-spinning method." 

用创新方法提高碳纤维的强度和模量

美国乔治亚理工学院的一个研究小组已经开发出一种新技术，建立起碳纤维强度和模量的一个新里程碑。

研究所表示，碳纤维比钢材料强度更高、质量更轻，同时基于该碳纤维增强聚合物的复合材料在航空、汽车和其它应用 - 包括波音787飞机的主要部件等一个广大的领域内得到应用。此外，大家广泛的认为该碳纤维技术有潜力生产比目前使用的复合材料强至少10倍的材料。

同时，它的另一种方法是基于一个创新的聚丙烯腈（PAN）纺丝技术，一种用来制造碳纤维的有机聚合物树脂。这项工作是由美国国防高级研究计划局（DARPA）资助980万美元，为期四年，来提高碳纤维材料强度的项目的一部分。这项研究发表在最近的《碳》（Carbon）杂志上。

“通过使用凝胶纺丝技术将聚丙烯腈共聚物制成碳纤维，我们已经开发出新一代的碳纤维，它表现出一个在以前常规的溶液纺丝方法中看不到的一个强度和模量的结合，”乔治亚理工学院材料科学与工程学院领导这个项目的萨蒂什南比亚•库马尔教授说。“此外，我们的工作表明，凝胶纺丝方法为未来更大的改进提供了一种途径。”

库马尔解释，拉伸弹性模量是一个刚性量度，是指由一个给定的量伸展材料所需的力。抗拉强度表示实际破坏材料需要多大的力。

在凝胶纺丝中，溶液首先被转换为一种凝胶；这种技术将聚合物链结合在一起，并产生强大的链间力量以提高抗拉强度。凝胶纺丝也增加纤维的方向取向，同时增强了强度。相较之下，在常规的纺丝工艺中，这一技术在超过60年前开发，PAN共聚物溶液直接转化成一个固体纤维，没有中间凝胶状态，同时不产生不坚固的材料。

由库马尔的团队所生产的凝胶纺丝碳纤维在5.5到5.8千兆帕（GPA）条件下进行测试，一个拉伸强度的极限量度测试，同时具有在354-375 GPA范围之间的拉伸模量。该材料在佐治亚理工学院是为DARPA项目建设的连续碳化线上生产。

“这是目前最新报道的任何连续纤维强度和模量的最高组合，”库马尔说。“同时在短距长度，纤维的拉伸强度测试值高达12.1 GPA，这是迄今报道的PAN基碳纤维的最高拉伸强度值”。

库马尔指出，在纳米级别上这些凝胶纺丝碳纤维的内部结构比国家商业化的碳纤维显示出更少的瑕疵，如IM7。具体而言，凝胶纺丝纤维比溶液纺丝产生的纤维显示更低的聚合物链缠结。这种小数量的缠结是因为这一事实，即从凝胶纺丝比溶液纺丝方法使用较低浓度的聚合物。

库马尔和他的团队通过一个称为热解的选择性处理过程将凝胶纺丝聚合物混合转换成碳纤维，其中纺丝聚合物逐渐同时经受加热和拉伸。这种技术消除了聚合物中大量的氢元素、氧元素和氮元素，留下大部分的增加强度的碳。

“重要的是要记住，PAN基碳纤维纺丝液的当前性能已经完成，经过多年的材料和工艺优化，而且迄今为止进行的凝胶纺丝PAN基碳纤维的材料和工艺优化研究非常有限，”库马尔说。“将来，我们认为，材料和工艺的优化会增强纤维充实度，并增加溶液的均匀性，这将进一步提高凝胶纺丝法的强度和模量”。
PM process used to produce nanoporous metal papers for advanced electrodes

A novel method capable of mass producing scalable hierarchical porous electrodes has been developed as part of a research project sponsored by the Japan Science and Technology Agency’s (JSTA) PRESTO programme. The new process combines Powder Metallurgy and dealloying techniques to create hierarchical porous electrodes of Au–Ag and Ni–Mn using Japanese “Washi” paper as a template.

The process has been developed through joint research by Professor Takeshi Fujita and colleagues at the WPI Advanced Institute for Materials Research, Tohoku University, Prof. Chen at the State Key Laboratory of Metal Matric Composites - Shanghai Jiao Tong University (China), and also Y. Kanoko and O. Iwatsu at Taisei-Kogyo Co Ltd, in Neyagawa, Osaka, a company specialising in the development and production of porous and Metal Injection Moulded components. The results of the research to date were published in Advanced Science, No.8, June 2015.

The researchers state that they were able to produce a bimodal Au-Ag porous structure from metallized papers via one-step dealloying, and also the first ever trimodal porous structure through the two-step dealloying of Au-Ag. They state that from an economic point of view the hierarchical nanoporous NiMn electrode created by one-step dealloying provides superior areal capacitance with long-lived cyclability, making the new material well suited for use in high performance oxygen evolution reaction (OER) activity.

The process described (see Fig. 1a) involves the use of pure and alloyed powders produced by water atomisation and screening to <5 µm particle size. A template material consisting of cellulose fibres (<50 µm in diameter) which is otherwise known as Japanese ‘Washi’ paper, is then infiltrated with a slurry of metal powder and water-soluble binder; capillary action helps to ensure that the entire surface of the template is covered.

During sintering at high temperature, the template material and carbon-based binder are decomposed, and the remaining metal powder consolidates to form ultrathin microporous sheet. Microscale porosity can be defined in the sintered porous texture. If separate metallic elements are used, for example Au and Ag, then a solid solution can be created in the sintered sheet.

Subsequent one-step dealloying allows the less noble elements to be etched away thereby creating nanoscale pores. In the case of NiMn one-step dealloying resulted in a nanostructure comprising complex oxides of nickel hydrate – Ni(OH)2 – and sheet like manganese oxide – MnOx as well as unoxidized Ni.

The new process is said to be easily scaled up to achieve high output of advanced electrodes.
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Fig. 1a Schematic of the process for producing hierarchical porous structures by sintering a slurry of metal powder and water soluble binder on a paper sheet;

Fig. 1b example of a bimodal porous AuAg sheet prior to alloying, and Figs c-e show both thick and thin Ni30Mn70 alloy sheets. (From paper: Nanoporous Metal Papers for Scalable Hierarchical Electrode, by T. Fujita, etal. Advance Science, Vol.2, No.8, 2015, 1500086, 6 pages)

生产先进电极纳米多孔金属纸的PM工艺
能够大规模生产可扩展式分层多孔电极的一种新方法已经作为日本科学技术局（JSTA）的PRESTO项目所资助的一个研究项目的一部分被研制出来了。新的工艺结合了粉末冶金和去合金化技术，通过运用日本“和纸”的纸张作为模板生产出金-银和镍-锰的层次型多孔电极。

该工艺的开发是通过日本东北大学WPI先进材料研究所的藤田健教授及他的同事，（中国）上海交通大学——国家重点实验室金属基质复合材料部门的陈教授，以及专门从事多孔金属粉末注射模塑部件的开发和生产的大阪寝屋川大成工业有限公司的Y鹿子和O岩崎所进行的联合研究开发出来的。目前该研究的成果发表于2015年6月第8号《尖端科学》（Advanced Science）上。

研究人员指出，他们能够通过金属化纸经过一步脱合金法生产出双峰金-银多孔结构，并且首次通过金-银的两步脱合金法生产出三峰多孔结构。他们指出，从经济角度来看，通过一步脱合金创造出来的分层纳米多孔NiMn电极能够提供优异的具有长寿命循环的面积电容，从而令新材料非常适用于高性能析氧反应（OER）的活动。

描述的该工艺（见图1a）包含了由于对小于5微米的颗粒尺寸进行水雾化和筛选所产生的纯净的、合金粉末。由被称为日本“和纸”的纸的纤维素纤维（直径小于50微米）构成的模板材料之后运用金属粉末和水溶性粘合剂的浆料进行渗透；毛细作用有助于确保该模板的整个表面都被覆盖。

在高温烧结过程中，模板材料和碳基粘合剂被分解，而其余的金属粉末合并，形成超薄的微孔片材。微尺度孔隙率可以在烧结多孔质地中得到限定。如果单独的金属元素得到使用，例如Au和Ag，那么在烧结片中就能够产生固体溶液。

随后的一步脱合金令少许贵金属元素被蚀刻掉，从而形成纳米级的孔。在NiMn一步脱合金法中产生了包含镍水合物和复合氧化物的纳米结构——Ni（OH）2——以及像氧化锰这样的片材——MnOx以及未氧化的镍。

据称，新的工艺能够很容易地得到扩展，实现先进电极的高输出。
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图1a  通过在纸片上烧结金属粉末和水溶性粘合剂的浆料而产生分级多孔结构的工艺的示意图；

图1b  双孔AuAg片材在合金之前的例子，图c-e显示了厚和薄的Ni30Mn70合金板材。（来自论文：用于可扩展分层电极的纳米多孔金属纸，T藤田等人著；《先进科学》，第2卷，第8期，2015，1500086，6页）
Practical Application（实际应用）
Glass Paint Chills Metal in the Sun

Imagine you’re back in elementary school. Upon hearing the recess bell, you leave your pencils and books, and rush outside to the alluring glint of the playground in the sunlight. You ascend the slide’s steps, but hesitate. You touch the metal surface and pull back immediately. The metal is overwhelmingly hot from sunlight exposure.  

Rest assured inner child, because scientists from Johns Hopkins Univ. have developed glass paint capable of protecting buildings, naval ships and, yes, even playground equipment from brutal sun rays.

“With sunlight, you think of UV (ultraviolet) degradation and those types of things, but one of the things that I think people forget is that just the heating itself can cause a lot of damage,” said Jason J. Benkoski, of the university’s Applied Physics Laboratory. Think about “corrosion, for example. If you put corrosion inhibitors in your paint, in order to protect steel or aluminum, you’ll be happy if you can decrease the rate of corrosion by a factor of 10.”

However, direct sunlight is capable of raising surface temperatures by 30 or 40 C, which increases corrosion by a factor of 16, according to Benkoski.

“Just by reflecting the sun’s light, and by passively radiating infrared light, you can actually do a lot of work, and, in fact, you can even cool” the ambient temperature, he said. “So if it’s an 80 (F) day outside, for example, you might have a 76 (F), or a 78 (F) surface just by…reflecting all the sunlight” and “radiating all your infrared light into outer space.”

And that’s exactly what Benkoski’s glass paint does. He presented his research at the 250th National Meeting & Exposition of the American Chemical Society.

To create the paint, Benkoski and his team strayed from polymer-based paints. Those paints, he said, degrade under UV light rays. Within two to three years, they may go from 90% reflective to 80%, he said.

“We’re actually using silica glass as our binder,” he said. “It’s almost like painting a rock on top of your surface.”

Specifically, the team used a modified version of potassium silicate. The changes allowed the compound to be water-insoluble when dry. Further, it has the capability to expand and contract with metal surfaces to prevent cracking.

It’s also fire resistant. “As it heats up, it actually expands into a foam,” said Benkoski. “That foam actually insulates the surface, and actually prevents the spread of the fire.”  

Mixing zinc oxide pigment with the silicate gave the coating the ability to reflect sunlight, and passively radiate heat.

With pot ash and sand as starting points, the paint is cheap to make and the material abundant, Benkoski said. Being water-based, it gives off no volatile organics or greenhouse gases.

Funding for the research came from the U.S. Office of Naval Research. And the paint was developed for use as a topside coating for ships.    
玻璃漆冷却阳光下的金属 

想象你回到了小学。听到下课铃响，放下手中的笔和书，冲到外面到充满阳光的操场玩耍。你爬上滑梯，但是犹豫不敢往下滑。伸手摸一摸金属表面又马上收回来。因为金属在阳光的照射下已经发烫了。

现在孩子们可以放心了，因为约翰霍普金斯大学的科学家们已经研发了一种玻璃漆，它可以在紫外线下保护建筑、舰艇甚至是操场设施。

“说到阳光，也许你会想到UK（紫外线）降解和这种事物，但是我认为人们忽略了一件事，那就是阳光本身的热量也会造成很大的伤害，” 约翰霍普金斯大学应用物理实验室的杰森•本苛斯基说，说到“腐蚀性，例如，如果你在油漆中放入缓蚀剂来保护钢或铝，你会很高兴的看到，它能以10倍的速度降低腐蚀性。”

然而，阳光直射能够使表面温度升高30或40摄氏度，从而以16倍的速度增加腐蚀性，本苛斯基说。

“通过反射太阳光和被动辐射紫外线，你可以做很多工作，并且，实际上，你甚至可以降低周围环境的温度，”他说，“所以如果外边的辐射是80F（华氏温度），那么反射太阳光的表面可能达到76F或78F，并且辐射你所有的红外线到外层空间。”

这正是本苛斯基的玻璃漆所能做到的。他在第250届美国化学学会的国家会议&博览会上展示了他的研究。

为了创造玻璃漆，本苛斯基和他的团队偏离了聚合物涂料。他说，这些涂料能够降低紫外线射线。在2-3年期间，它们可能会从反射的90%降至80%，他说。

“我们正在使用石英玻璃作为我们的粘结剂，”他说，“就像在表面涂上一层岩石一样。”

团队特别使用了一种改良版的硅酸钾。这些改变使得这些混合物在干燥的时候不溶于水。而且能够扩张和收缩金属表面来防止开裂。

它还能防火。“当它温度升高，它就会扩大成一个灭火泡沫，”本苛斯基说。“这个泡沫实际上能使表面隔热并阻止火势蔓延。”

氧化锌与硅酸盐混合使得涂层能够反射阳光和被动辐射热量。

用锅灰和砂作为出发点，涂料便宜易得，材料丰富，本苛斯基说，以水为基础，它不会发出挥发性有机物或温室气体。

研究资金来自美国海军研究办公室。开发的油漆主要用于船舶干舷的涂料。

Nanocrystals don’t add up for reactor materials

Lawrence Livermore National Laboratory researchers have found that nanocrystalline materials don’t necessarily resist radiation effects in nuclear reactors better than currently used materials.

As researchers hunt for materials with the ability to withstand prolonged radiation damage, the use of nanostructured materials, with high interfacial area to absorb radiation-induced defects, has been considered as an enabling technology for future reactor designs and longer-lasting reactor components. For years, simulations had shown that nanocrystals would not only absorb radiation damage better than the polycrystalline materials used in nuclear reactors today, but they also would be functional at the elevated temperatures in those reactors.

However, earlier research published in Applied Physics Letters by Mukul Kumar and his LLNL colleagues, showed through experiments that nanocrystalline materials have poor stability under the thermal conditions in reactors. And in new research, published in Acta Materialia, Kumar’s team, through extensive in-situ high-voltage transmission electron microscopy (TEM), have discovered that the nanocrystalline materials do not survive radiation damage either.

Most structural materials used in nuclear reactors are prone to radiation damage that degrade their mechanical properties and limit their service life. High-energy particle irradiation produces defects in these materials that are mobile at high temperatures and are influenced by stress fields associated with pre-existing extended defects. After an initial relaxation phase, the defects that do not recombine aggregate to produce defect clusters or diffuse rapidly to interfaces and other defects, inducing detrimental microstructural evolution

Scientists have been searching for years to find new material for components within nuclear reactors that could better withstand high temperatures and radiation damage. Current materials last between four to five years before they are swapped out for new ones. Kumar said initially his team thought the nanostructures, particularly with a high density of low energy interfaces such as twin boundaries thought to arrest thermal coarsening, would be able to extend the lifetime of those components up to 25 years.

But the experimental results showed differently. “We’ve shown why it doesn’t work,” he said. The team supposed that a high density grain boundary area would act as an effective sink for radiation-induced defects. However, continued absorption of defects can alter the structure of grain boundaries and/or enhance their mobility, eventually leading to microstructural degradation in the form of grain coarsening, thus negating their initial radiation tolerance.

The final results showed the nanocrystals did not survive radiation damage any better than the currently used materials.

However, Kumar said a new kind of grain boundary network could be engineered in polycrystalline microstructures (with micron-scale grains) that might better withstand high temperatures, resist radiation damage and extend the lifetime of reactor components. Such a network, appropriately coordinated, would comprise of a mix of low energy boundaries to resist thermal coarsening and high-energy boundaries to absorb the defects.

Source: Lawrence Livermore National Laboratory
纳米晶体不适合做反应堆材料

劳伦斯利佛莫尔国家实验室的研究人员发现，纳米晶体材料在抵制核反应堆效应方面未必比现有使用材料好。

研究人员寻找能够承受长时间辐射损伤的材料时，使用纳米材料，具有高界面区域弥补辐射诱导的缺陷，被认为是作为未来反应堆设计的使能技术和更持久的反应堆组件。多年来，模拟实验表明，纳米晶体不仅在弥补辐射损伤方面比今天核反应堆使用的多晶体材料要好，并且它们能够在反应堆温度升高时发挥作用。

然而，早期由穆库尔•卡马尔和他在利弗莫尔实验室的同事们发表在《应用物理快报》（Applied Physics Letters）上的研究表明，通过实验，纳米晶体材料在反应堆发热的状态下稳定性极差。库尔玛团队在《质料学报》（Acta Materialia）上发表的新研究中，通过广泛的原位高压透射电子显微镜（TEM）发现，纳米晶体材料也不能避免辐射损伤。 

大多数用在核反应堆的结构材料容易辐射损伤，降低机械性能和限制使用寿命。高能粒子辐照在这些材料中产生缺陷，它们在高温下移动并受到先前存在扩展缺陷的应力场的影响。最初的放松阶段后，缺陷不能重组集群或迅速扩散到界面聚合产生缺陷和其他缺陷，包括有害的显微结构进化。

多年来，科学家们一直在研究寻找新的材料组件，能够在核反应堆更好地耐高温和辐射损伤。当前的材料能够维持4到5年直到换新。库马尔说，最初他的团队认为，纳米结构，特别是低能量高密度的接口，如双边界方法来捕捉热粗化，能够延长这些组件的生命周期到25年。

但实验结果显示不同。“我们已经展示了它工作的原理，”他说。团队认为高密度晶界面积将作为一个有效辐射诱导缺陷的水槽。然而，持续弥补的缺陷可以改变晶界的结构和/或提高他们的机动性，最终导致晶粒粗化的显微结构退化，从而抵消他们最初的辐射耐受性。

最终结果显示，纳米晶体在抗辐射损伤方面，并不比目前使用的材料效果好。

然而，库尔玛说，可以在多晶微观结构（含微米级颗粒）中建立一个新的晶界网络，这样能够更好地耐高温，抗辐射损伤并延长反应堆组件的使用寿命。这样的一个网络，经过适当的调节，能够包含一个低能量的界限混合，来抵抗热粗化和一个高能量界限组合来弥补缺陷。

资料来自：劳伦斯利弗莫尔国家实验室

Recipe for “sandwiching” atomic layers expands possibilities for energy storage materials
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Drexel Univ. engineers have created a layered material of molybdenum and titanium by using a new process they invented to etch a MAX phase into a 2-D, layered MXene. Image: Drexel Univ.
The scientists whose job it is to test the limits of what nature—specifically chemistry— will allow to exist, just set up shop on some new real estate on the Periodic Table. Using a method they invented for joining disparate elemental layers into a stable material with uniform, predictable properties, Drexel Univ. researchers are testing an array of new combinations that may vastly expand the options available to create faster, smaller, more efficient energy storage, advanced electronics and wear-resistant materials.

Led by postdoctoral researcher Babak Anasori, PhD, a team from Drexel’s Dept. of Materials Science and Engineering created the material-making method, that can sandwich 2-D sheets of elements that otherwise couldn’t be combined in a stable way. And they proved its effectiveness by creating two entirely new, layered 2-D materials using molybdenum, titanium and carbon.

“By ‘sandwiching’ one or two atomic layers of a transition metal like titanium, between monoatomic layers of another metal, such as molybdenum, with carbon atoms holding them together, we discovered that a stable material can be produced,” Anasori said. “It was impossible to produce a 2-D material having just three or four molybdenum layers in such structures, but because we added the extra layer of titanium as a connector, we were able to synthesize them.”

The discovery, which was recently published in ACS Nano, is significant because it represents a new way of combining elemental materials to form the building blocks of energy storage technology—such as batteries, capacitors and supercapacitors, as well as superstrong composites—like the ones used in phone cases and body armor. Each new combination of atom-thick layers presents new properties and researchers suspect that one, or more, of these new materials will exhibit energy storage and durability properties so disproportional to its size that it could revolutionize technology in the future. 

“While it’s hard to say, at this point, exactly what will become of these new families of 2-D materials we’ve discovered, it is safe to say that this discovery enables the field of materials science and nanotechnology to move into an uncharted territory,” Anasori said.
Mastering materials

Combining 2-D sheets of elements in an organized way to produce new materials has been the goal of Drexel nanomaterials researchers for more than a decade. Imposing this sort of organization at the atomic level is no easy task.

“Due to their structure and electric charge, certain elements just don’t ‘like’ to be combined,” Anasori said. “It’s like trying to stack magnets with the poles facing the same direction—you’re not going to be very successful and you’re going to be picking up a lot of flying magnets.”

But Drexel researchers came up with a clever way to circumvent this chemistry challenge. It starts with a material called a MAX phase, which was discovered by Distinguished Professor Michel W. Barsoum, PhD, head of the MAX/MXene Research Group, more than two decades ago. A MAX phase is like the primordial ooze that generated the first organisms—all the elements of the finished product are in the MAX phase, waiting for the researchers to impose some order.

That order was imposed by Michel W. Barsoum, PhD and Yury Gogotsi, PhD, Distinguished University and Trustee Chair professor in the College of Engineering and head of the Drexel Nanomaterials Group, when they first created a stable, 2-D, layered material called MXene in 2011.

To create MXenes, the researchers selectively extract layers of aluminum atoms from a block of MAX phase by etching them out with an acid.

“Think of MXene synthesis like separating layers of wood by dunking a plywood sheet into a chemical that dissolves the glue,” Anasori said. “By putting a MAX phase in acid, we have been able to selectively etch away certain layers and turn the MAX phase into many thin 2-D sheets, which we call MXenes.”

As far as energy storage materials go, MXenes were a revelation. Prior to their discovery, graphene, which is a single sheet of carbon atoms, was the first two-dimensional material to be touted for its potential energy storage capabilities. But, as it was made up of only one element, carbon, graphene was difficult to modify in form and therefore had limited energy storage capabilities. The new MXenes have surfaces that can store more energy.

An elemental impasse

Four years later, the researchers have worked their way through the section of the Periodic Table with elements called “transition metals,” producing MAX phases and etching them into MXenes of various compositions all the while testing their energy storage properties.

Anasori’s discovery comes at a time when the group has encountered an obstacle on its progress through the table of elements.

“We had reached a bit of an impasse, when trying to produce a molybdenum containing MXenes,” Anasori said. “By adding titanium to the mix we managed to make an ordered molybdenum MAX phase, where the titanium atoms are in center and the molybdenum on the outside.

The next frontier

Now, with the help of theoretical calculations done by researchers at the FIRST Energy Frontier Research Center at the Oak Ridge National Laboratory, Drexel’s team knows that, in principle, it can use this method to make as many as 25 new materials with combinations of transition metals, such as molybdenum and titanium, that previously wouldn’t have been attempted.

“Having the possibility to layer different elements at the thinnest form of material known to the scientific community leads to exciting new structures and allows unprecedented control over materials properties,” Barsoum said. “This new layering method gives researchers an unimaginable number of possibilities for tuning materials’ properties for a variety of high-tech applications.”

Anasori plans to make more materials by replacing titanium with other metals, such as vanadium, niobium, and tantalum, which could unearth a vein of new physical properties that support energy storage and other applications.

“This level of structural complexity, or layering, in 2-D materials has the potential to lead to many new structures with unique control over their properties,” Gogotsi said. “We see possible applications in thermoelectrics, batteries, catalysis, solar cells, electronic devices, structural composites and many other fields, enabling a new level of engineering on the atomic scale.”

Source: Drexel Univ. 
“三明治”原子层新方法提高储能材料潜力
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爵克索大学的工程师发明一种新方法将MAX phase融入MXenes分层二维材料中从而创造了一个钼、钛结合的分层材料。

为了测试性质，尤其化学性质存在的极限，科学家们在元素周期表上创立了一些新的明目。爵克索大学的研究员使用自己发明的方法将不同元素层在融合在具有一致的、可预测性的稳定材料中，在对一系列新的元素结合做测试，这些测试或许可以为创建更快，更小，更高效的能量存储、先进电子和耐磨材料扩大选择。

由博士后研究员Babak Anasori率领，来自爵克索大学材料科学与工程系的一个团队创造了材料制作的新方法，此方法可以将无法使用其他方法稳定结合在一起的2-D元素表相夹。他们通过使用使用钼、 钛、 碳创建两个完全新的分层2-D材料证明了其有效性。

Anasori 称：“将像钛一样的过渡金属元素的两个或一个原子层夹在另一个如钼的单原子层中，由碳原子使两者保持两者在一起，通过这种方法我们发现可以创造一种稳定材料，在这种结构下，仅使用三或四种钼层来创建一个2-D材料是有可能的。但是因为我们多加了层钛作连接，这样我们可以将材料进行合成。”

这一发现最近发表于美国化学学会纳米杂志上，此发现意义重大，因为它代表了一种新的方法，此方法可以将元素材料进行结合从而为储电技术奠定基础。储电技术如：电池、电容器和超电容器复合物(如用在手机壳和防弹衣中的)。原子层的每一次结合都呈现了新的特质，研究人员猜想这些新材料中的一个或多个将会展现与自身十分不符的能量存储与耐久力特质，这在将来会革新技术。

Anasori说：“现在还很难说我们发现的这些新2-D材料家族会变成什么，但可以知道的是这一发现可以使材料学和纳米技术向更深领域发展。”

掌控材料：
将二维的元素有组织的结合起来形成一种新的材料，一直是德雷塞尔大学研究人员近十多年的研究目标。在原子水平上采用这种有序结合并不是一件容易的工作。
“由于他们的结构和电荷，某些元素不‘喜欢’结合在一起”，Anasori说。就像试图将同一极性的磁铁堆叠在一起一样，是不容易成功的，这些磁铁会相互排斥的。
但是，德雷塞尔大学研究人员采用了一个巧妙的方法来规避这一化学挑战。方法起初是用一种叫做MAX相的材料，是由著名教授Michel W. Barsoum博士（MAX/MXene研究小组负责人）在二十多年前发明的。

MAX相就像第一组织产生的原生的流浆一样——所有最终成品的元素都是以MAX相的形式等待着研究人员发布命令。
命令是由Michel W. Barsoum博士和Yury Gogotsi博士发布的，其中Yury Gogotsi博士是德雷塞尔大学纳米材料课题组负责人、著名大学工程学院的荣誉教授，他们于2011年首次合成了稳定的、二维层状材料，称作MXene.

为了生成MXenes，研究人员用酸腐蚀一大块MAX相，从中选择性的提取了铝原子层。
MXene 的合成就像把胶合板放入溶解胶水的试剂中分解木头层一样，Anasori 说，把MAX相放进酸中，我们可以选择性的腐蚀某些的层，并且把MAX相变成许多薄二维片， 我们称之为MXenes.

对于储能材料来说，二维过度金属碳化物（MXenes）是一个新发现。在此之前，单层碳原子组成的石墨烯是第一个被认为具有潜在储能能力的二维材料。但是，由于只含有单一的碳元素，石墨烯的结构难以改变，从而限制了其储能性能。新的二维过度金属碳化物（MXenes）具有可以储存更多能量的表面。

元素困境

四年后，研究人员利用化学元素周期表中的“过渡金属元素”产生MAX相，将其侵蚀成含有各种成分的二维过度金属碳化物（MXenes），并对其储能性能进行测试。

在团队对化学周期表的元素进行试验遇到障碍时，Anasori的发现出现了。

“在尝试产生一个含有钼的二维过度金属碳化物（MXenes）时，我们其实已经到了一个困境，”Anasori说，“通过在混合物中添加钛，我们制造出了中间为钛原子，外围为钼原子的有序的钼MAX相。”
下一个前沿

在橡树岭国家实验室第一能源前沿研究中心科研人员理论计算的帮助下，德雷塞尔大学的团队现在明白，理论上来说，利用这种方法对过渡金属进行组合可以产生以前没有尝试过的25种新材料，例如钼和钛。

“科学界已经知晓，在最薄的材料上放置不同元素的方法可以产生令人兴奋的新结构，并能获得前所未有的控制材料性能的能力，”Barsoum说“这种新的分层方法使研究人员拥有惊人的改变材料性能的能力，从而可以满足各种高科技应用的需要。”

Anasori计划使用其他过渡金属代替钛来合成更多的材料，例如钒、铌和钽，从而发掘能够满足储能和其他应用的新的物理性能。
“二维材料中这种级别的结构复合物或层状物可以产生许多具有独特性能的新结构”Gogotsi说，“我们看到该材料在热电、电池、催化剂、太阳能电池、电子元器件、复合材料和许多其他领域的应用可以使原子级别的工程水平达到一个新高度。”

来源：德雷塞尔大学 
Organic & Polymer（有机高分子材料）
Laser-burned graphene gains metallic powers
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A scanning electron microscope image shows cobalt-infused metal oxide-laser induced graphene produced at Rice Univ. The material may be a suitable substitute for platinum or other expensive metals as catalysts for fuel cells. The scale bar equals 10 microns. Image: Tour Group/Rice Univ.
Rice Univ. chemists who developed a unique form of graphene have found a way to embed metallic nanoparticles that turn the material into a useful catalyst for fuel cells and other applications.

Laser-induced graphene, created by the Rice lab of chemist James Tour last year, is a flexible film with a surface of porous graphene made by exposing a common plastic known as polyimide to a commercial laser-scribing beam. The researchers have now found a way to enhance the product with reactive metals.

The research appears in ACS Nano.

With the discovery, the material that the researchers call “metal oxide-laser induced graphene” (MO-LIG) becomes a new candidate to replace expensive metals like platinum in catalytic fuel-cell applications in which oxygen and hydrogen are converted to water and electricity.

“The wonderful thing about this process is that we can use commercial polymers, with simple inexpensive metal salts added,” Tour said. “We then subject them to the commercial laser scriber, which generates metal nanoparticles embedded in graphene. So much of the chemistry is done by the laser, which generates graphene in the open air at room temperature.

“These composites, which have less than 1% metal, respond as ‘super catalysts’ for fuel-cell applications. Other methods to do this take far more steps and require expensive metals and expensive carbon precursors.”

Initially, the researchers made laser-induced graphene with commercially available polyimide sheets. Later, they infused liquid polyimide with boron to produce laser-induced graphene with a greatly increased capacity to store an electrical charge, which made it an effective supercapacitor.

For the latest iteration, they mixed the liquid and one of three concentrations containing cobalt, iron or molybdenum metal salts. After condensing each mixture into a film, they treated it with an infrared laser and then heated it in argon gas for half an hour at 750 C.

That process produced robust MO-LIGs with metallic, 10-nm particles spread evenly through the graphene. Tests showed their ability to catalyze oxygen reduction, an essential chemical reaction in fuel cells. Further doping of the material with sulfur allowed for hydrogen evolution, another catalytic process that converts water into hydrogen, Tour said.

“Remarkably, simple treatment of the graphene-molybdenum oxides with sulfur, which converted the metal oxides to metal sulfides, afforded a hydrogen evolution reaction catalyst, underscoring the broad utility of this approach,” he said.

Source: Rice Univ. 

激光诱导石墨烯获得金属特性 
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扫描电子显微镜图像显示，在美国莱斯大学制造的注入钴的金属氧化物的激光诱导石墨烯。该材料是在燃料电池中作为催化剂的铂或其他贵金属的非常合适的替代品。比例尺等于10微米。图像来源：莱斯大学/图尔小组。

开发这一独特结构石墨烯的莱斯大学化学家发现一种嵌入金属纳米粒子的办法，它可以把材料变成对于燃料电池和其他应用有用的催化剂。

莱斯大学实验室化学家詹姆斯•图尔去年制造的激光诱导石墨烯是一种具有多孔石墨烯的柔性膜，通过使用商业用激光刻划光束照射一个聚酰胺的普通塑料来生成。研究者已经发现一种通过使用活性金属来增强产品性能的办法。

该研究发表在美国化学会的NANO杂志。

伴随着这一发现，研究者称为“金属氧化物激光诱导石墨烯”（MO-LIG)的材料成为代替在燃料电池催化反应中使用的诸如铂等贵金属新的替代品，该反应中氧气和氢气转化成水和电。

“这一过程精彩的事情是，仅仅添加简单廉价的金属盐，我们就可以使用商业用高聚物，”图尔说。“然后我们对它们使用商业激光刻划，这产生嵌入石墨烯的金属纳米颗粒。因此这一化学反应很大部分是由激光器进行的，这一过程在非密封环境和室温下生成了石墨烯。”

“这些含有少于1%金属的复合材料可以作为超级催化剂在燃料电池中应用。其他发挥这一作用的方法需要更多的步骤，并且需要昂贵的金属和昂贵的碳原料。”

起初，研究人员使用商业用聚酰胺塑料片来制造激光诱导石墨烯。后来，他们将硼注入液态聚酰胺中来制造激光诱导石墨烯，该石墨烯具有大大增强的储存电荷的能力，可以用来制造超级电容器。

在最新的开发过程中，研究人员混合这一液体，三种液体含有铂、铁或钼金属盐。把每一种混合物冷凝成塑料膜后，他们使用红外线激光处理它们，然后使用氩气在750摄氏度条件下加热半个小时。

这一过程产生强大的“金属氧化物激光诱导石墨烯”（MO-LIG)材料，10纳米的颗粒均匀的分布在石墨烯之中。测试显示了它催化氧还原反应的能力，这是燃料电池中最基本的化学反应。进一步使用硫来混合该材料允许析氢，这是另外一个将水分解为氢气的催化反应，图尔说。

“值得注意的是，使用硫对钼氧化的石墨烯进行简单处理，这一过程将金属氧化物转变成金属硫化物，可以让该石墨烯成为析氢反应的催化剂，这凸显了此方法的广泛应用，”他说。

来源：莱斯大学 

Manna from Heaven: Converting CO2 to Carbon Nanofiber
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Researchers are generating carbon nanofibers (above) from CO2, removing a greenhouse gas from the air to make products. Image: Stuart Licht, PhD  
During World War II, copper, aluminum, steel and zinc became metals appropriated for military use. Around the same time, manufacturers began exploring plastics, such as acrylic, nylon, phenolic and polyethylene. Production increased, and the plastic industry flourished. 
Stuart Licht, of George Washington Univ.’s Dept. of Chemistry, likened the carbon nanofiber industry to the plastics market at the beginning of World War II.

At the 250th National Meeting & Exposition of the American Chemical Society, Licht presented a method for converting atmospheric carbon dioxide into a stable, useful, compact and valuable carbon nanofiber, a substance with strength greater than steel.

“One of the great threats facing our planet is climate change,” he said. “Rather than attempt to survive the climate change consequences of flooding, wild fires, starvation, economic disruption, human death and species extinction, we must mitigate the greenhouse gas carbon dioxide.”

Previous methods of reducing carbon dioxide in the atmosphere include sequestration of the gas. According to the Environmental Protection Agency (EPA), sequestration involves capturing carbon dioxide and storing it in underground rock formations. “These formations are often a mile or more beneath the surface and consist of porous rock that holds the CO2. Overlying these formations are impermeable, non-porous layers of rock that trap the (gas) and prevent it from migrating upward,” according to the EPA.

However, Licht believes sequestration is unlikely to succeed. But converting the gas to carbon nanofibers hits two bird with one stone: lessening the presence of the gas in the atmosphere, while creating a valuable substance. Already, the substance is used in the Boeing 787 Dreamliner, high-end sports equipment and wind turbine blades, among other products, according to Licht.

In the process, carbon dioxide in collected from the air into an electrochemical reactor, which consists of two electrodes immersed in molten lithium carbonate at a temperature of 1,380 F. “Once there,” according to the American Chemical Society, “the CO2 dissolves when subjected to the heat and direct current through electrodes of nickel and steel. The carbon nanofibers build up on the steel electrode, where they can be removed.”

Power is supplied through a solar energy system, which focuses “the sun’s rays on a photovoltaic solar cell to generate electricity and on a second system to generate heat and thermal energy, which raises the temperature of the electrolytic cell,” according to the society.

Licht called the process low energy, and said the team was able to scale up production from 0.1 g of carbon nanofiber to 10 g with fair ease.

“We run this regularly under Washington D.C. sunlight,” he said, noting the urban sunlight is more than adequate to maintain the temperature for the process.

“We calculate that with a physical area less than 10% the size of the Sahara Desert, our process could remove enough CO2 to decrease atmospheric levels to those of the pre-industrial revolution within 10 years,” he said in a statement.

Compared to coal, valued at $40/ton, and graphite, $1,000/ton, carbon nanofiber’s value is $25,000/ton. This value provides a reason to explore carbon dioxide conversion into carbon nanofiber, according to Licht.

The electrical energy cost to produce the substance is estimated at $1,000/ton of carbon nanofiber.
来自天空的礼物：将二氧化碳转变为碳纳米纤维
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研究人员正在使用二氧化碳生成碳纳米纤维，从而从空气中提取这个温室气体来制造产品。图片来源：斯图尔特•利希特博士

在第二次世界大战期间，铜、铝、钢铁和锌变成专供金属来用于军事。与此同时，制造商开始研发塑料制品，例如腈纶、锦纶、苯酚和聚乙烯。产量增加，塑料工业开始蓬勃发展。

乔治•华盛顿大学化学系的斯图尔特•利希特将碳纳米纤维工业看作是第二次世界大战开始时的塑料工业。

在第250届美国化学学会的全国研讨及博览会上，利希特展示了一种将大气二氧化碳转变为稳定的、有用的、紧凑的和有价值的碳纳米纤维，它是一种强度大于钢铁的物质。

“我们星球面临的最大的威胁之一就是气候变化，”他说。“为了拯救气候变化，它会带来洪水、野火、饥饿、经济破坏、人类的死亡和物种灭绝等后果，我们必须减少温室气体二氧化碳。”

减少大气中二氧化碳的以前办法包括气体封存。根据环境保护署（EPA），封存包括捕获二氧化碳，并且将其存储在地下岩层中。“这些构造往往一英里或者更多的地表之下，并且由可以吸附二氧化碳的多孔岩石组成。覆盖这些构造的是不可渗透的、无孔的岩石层，它可以限制二氧化碳气体，并防止其向上移动，”根据美国环保署的说法。

然而，利希特认为，封存是不可能成功的。但是将气体转变为碳纳米纤维是一石二鸟：减少了大气中二氧化碳的存在，同时创造了宝贵的材料。现在，该材料被用在波音787梦想飞机、高档运动设备和风力涡轮机叶片以及其他产品中，利希特表示。

在这个过程中，从大气中收集的二氧化碳气体被充入电化学反应器，它由在1380度条件下侵入熔融碳酸锂的两个电极组成。“一旦出现，”根据美国化学学会的信息，“当接触到通过镍和钢电极的热和直流电流时，二氧化碳分解。碳纳米纤维在钢电极上生成，同时可以把它们从上面移除。”

动力利用一个太阳能系统来提供，重点是“光伏太阳能电池上的太阳光产生电能和在第二系统里产生热和热能，这会升高电解槽的温度，”根据学会提供的信息。

利希特声称，该过程是低耗能的过程，并且表示他的团队能够从容的将生产从0.1克碳纳米纤维扩大到10克。

“我们在华盛顿特区的阳光下经常进行该过程，”他说，并指出城市阳光用来保持过程所需的温度是绰绰有余的。

“我们计算出，使用一个小于撒哈拉大沙漠10％面积的物理区域，在十年之内，我们的工艺可以去除足够的二氧化碳，来把其在空气中的浓度降到工业前革命的水平，”他在一份声明中说。

相比于价值为40美元每吨的煤炭，和1000美元每吨的石墨，碳纳米纤维的价值是25000美元每吨。根据利希特的说法，这一价值提供了一个理由去探索将二氧化碳转变成碳纳米纤维。

生产该物质的电能成本估计为1000美元每吨碳纳米纤维。

Nanotube fibers tested as way to restore electrical health to hearts

Rice Univ. and Texas Heart Institute researchers are studying the use of soft, flexible fibers made of carbon nanotubes to restore electrical conductivity to damaged heart tissue.

With support from the American Heart Association, these institutions will test the fibers’ ability to bridge electrical gaps in tissue caused by cardiac arrhythmias that affect more than 4 million Americans each year.

A beating heart is controlled by electrical signals that prompt its tissues to contract and relax. Scars in heart tissue conduct little or no electricity. Soft, highly conductive fibers offer a way to work around those gaps.

“They’re like extension cords,” said Mehdi Razavi, the director of electrophysiology clinical research at the Texas Heart Institute and the project’s lead investigator. “They allow us to pick up charge from one side of the scar and deliver it to the other side. Essentially, we’re short-circuiting the short circuit.”

The nanotube fibers developed at Rice by the lab of chemist and chemical engineer Matteo Pasquali are about a quarter of the thickness of a human hair. But even an inch-long piece of the material contains millions of nanotubes, microscopic cylinders of pure carbon discovered in the early 1990s.

Though the fibers were developed to replace the miles of cables in commercial airplanes to save weight, their potential for medical applications became quickly apparent, Pasquali said.

“We didn’t design the fiber to be soft, but it turns out to be mechanically very similar to a suture,” he said. “And it has all the electrical function necessary for an application like this.”

Because the fibers are soft, flexible and extremely tough, they are expected to be far more suitable for biological applications than the metal wires used to deliver power to devices like pacemakers. They have already shown potential for helping people with Parkinson’s disease who require brain implants to treat their neurological condition.

“People who progress to heart failure can have the formation of scar tissue over time,” said Mark McCauley, a cardiac electrophysiologist at the Texas Heart Institute. “There are a lot of different ways scarring can affect conduction in the heart. Recently we’ve been most interested in the development of scarring after heart attacks, but we believe this fiber may help us treat all kinds of cardiac arrhythmias and electrical-conduction issues.”

“Metal wires themselves can cause tissue to scar,” said Flavia Vitale, a research scientist in Pasquali’s lab who is developing nanotube fiber applications. “If you think about inserting a needle into your skin, eventually your skin will react and completely isolate it, because it’s stiff. Scar will form around the needle.

“But these fibers are unique,” she said. “They’re smaller and more flexible than a human hair and so strong that they can resist flexural fatigue due to the constant beating of the heart.”

Vitale noted the fibers’ low impedance (its resistance to current) allows electricity to move from tissue to bridge and back with ease, far better than with metal wires.

The researchers are testing the fibers’ biocompatibility but hope human trials are no more than a few years away.

Razavi said a safe, effective way to conduct electricity through scarred heart tissue will revolutionize treatment. “Should these more extensive studies confirm our initial findings, a paradigm shift in treatment of sudden cardiac death will be within reach, as for the first time the underlying cause for these events may be corrected on a permanent basis,” he said.

Pasquali said he is gratified to see a new way in which nanotechnology, for which Rice is renowned, can help save lives. “We’ve been excited from the beginning to learn about each other’s areas and come up with uses for the material,” he said of his friendship—and now collaboration—with Razavi. “We’re determined to find ways to treat rather than manage disease.”

Source: Rice Univ.
测试纳米管纤维可否作为恢复心脏电力健康的一种方法

莱斯大学和德克萨斯心脏研究所的科研人员正在研究使用由碳纳米管制成的柔软易变形纤维来恢复受损心脏组织的导电性。

在美国，每年有多余400万人受心率失常的影响。在美国心脏协会的支持下，研究所会测试纤维是否可以连接受心律失常影响组织间产生的电流缺口。

一颗跳动的心脏是由电流信号控制组织间的收缩和放松。心脏组织中的损伤会减少或阻止电流的产生。柔软且高导电性的纤维可以连接组织间的缺口。

该项目的主要研究员和德克萨斯心脏研究所电生理学临床研究主任Mehdi Razavi称:"纤维就像延伸线，从损伤组织一侧收集电流，把电流导向组织另一侧。基本上说，我们在为短路体做短路。”

由莱斯大学化学家实验室和化学工程师Matteo Pasquali开发的纳米管纤维厚度仅是人类头发的四分之一。但是，即使一英寸长的材料中也含有成百万的纳米管，和20世纪90年代早期发现的纯炭微型气缸。

Pasquali称虽然纤维之前是用在商用飞机于替代电缆以减轻飞机的重量，但是其在医学应用上的作用也变得越来越显著。

Pasquali说：‘并不是我们将纤维设计的很柔软，但是纤维在物理上同缝线很类似，并且具有该应用所需的一切电流功能。”

纤维柔软，易变形以及十分耐用，所以，相较用于向心脏起搏器传送电力的金属丝，纤维更适合生物应用。 帕金森患者需要大脑植入物来帮助治疗他们的神经疾病，纤维在帮助帕金森患者上已经显示了其潜力。

德克萨斯心脏研究所心脏电生理学家Mark McCauley 说：“进展成心衰的人，随着时间的推移会有瘢痕组织，瘢痕组织影响心脏传导方面方式各样，最近，对于瘢痕组织在心脏病发生后的发展我们尤为关注，但我们相信纤维可以帮助我们治疗各类心律失常和电传导问题。”

Pasquali’s实验室里，开发纳米管纤维的应用的科学研究员Flavia Vitale说：“金属丝本身会给组织带来伤疤，如果把一根针扎进你的皮肤，因为针很僵硬，最终你的皮肤会有反应和针隔离，沿着针会形成伤疤。”

“但是，纤维不同“，她说，“纤维比人类的头发更小，更可变，同时纤维又很强韧，它们可以抵抗由心脏不停跳动产生的弯曲疲劳。” 
Vitale 指出，由于纤维是低阻性（其对电流的阻抗力），这使得电流可以在组织和纤维之间轻松穿梭，这比金属丝要好得多。

研究人员仍在测试纤维的生物适应性，但是期望在人体实验将不超过数年之久。

Razavi称，在疤痕组织间进行安全有效导电的方法将彻底改变治疗。Razavi说：“如果这些更广泛的研究可以证实我们的初步调查，那么，对于心源性猝死的治疗模式转变会很快形成，因为这是第一次我们可以永久更正造成猝死的潜在原因。”

Pasquali称，他很高兴可以看到莱斯著名的纳米技术新方法可以帮助挽救生命。提到和Razavi 的友谊和合作，他说“从一开始我们就很兴奋地去了解彼此的领域，提出材料可做的用途，我们决定找出治疗而不只是控制疾病的方法。”

来源：莱斯大学
E-Material（电子材料）
Superlattice design realizes elusive multiferroic properties  
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Superlattice structure of lithium osmate and lithium niobate. Image: Northwestern Univ.
From the spinning disc of a computer’s hard drive to the varying current in a transformer, many technological devices work by merging electricity and magnetism. But the search to find a single material that combines both electric polarizations and magnetizations remains challenging.

This elusive class of materials is called multiferroics, which combine two or more primary ferroic properties. Northwestern Engineering’s James Rondinelli and his research team are interested in combining ferromagnetism and ferroelectricity, which rarely coexist in one material at room temperature.

“Researchers have spent the past decade or more trying to find materials that exhibit these properties,” said Rondinelli, assistant professor of materials science and engineering at the McCormick School of Engineering. “If such materials can be found, they are both interesting from a fundamental perspective and yet even more attractive for technological applications.”

In order for ferroelectricity to exist, the material must be insulating. For this reason, nearly every approach to date has focused on searching for multiferroics in insulating magnetic oxides. Rondinelli’s team started with a different approach. They instead used quantum mechanical calculations to study a metallic oxide, lithium osmate, with a structural disposition to ferroelectricity and sandwiched it between an insulating material, lithium niobate.

While lithium osmate is a non-magnetic and non-insulating metal, lithium niobate is insulating and ferroelectric but also non-magnetic. By alternating the two materials, Rondinelli created a superlattice that—at the quantum scale—became insulating, ferromagnetic and ferroelectric at room temperature.

“The polar metal became insulating through an electronic phase transition,” Rondinelli explained. “Owing to the physics of the enhanced electron-electron interactions in the superlattice, the electronic transition induces an ordered magnetic state.”

Supported by the Army Research Office and the US Department of Defense, the research appears in Physical Review Letters. Danilo Puggioni, a postdoctoral fellow in Rondinelli’s lab, is the paper’s first author, who is joined by collaborators at the International School for Advanced Studies in Trieste, Italy.

This new design strategy for realizing multiferroics could open up new possibilities for electronics, including logic processing and new types of memory storage. Multiferroic materials also hold potential for low-power electronics as they offer the possibility to control magnetic polarizations with an electric field, which consumes much less energy.

“Our work has turned the paradigm upside down,” Rondinelli said. “We show that you can start with metallic oxides to make multiferroics.”

Source: Northwestern Univ.
超晶格设计实现了难以获得的多铁性特性
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图片为锂锇和铌酸锂的超晶格结构。图片来源：美国西北大学。

从电脑硬盘的旋转盘到变压器的交变电流，许多技术设备通过融合电学和磁学进行工作。但是寻找一个能够融合电流极化和磁化的单一材料仍然具有挑战。

这种难以找到的材料被称为多铁性材料，它融合了两个或者更多基本强磁体的特性。西北大学工程学院的詹姆斯•隆迪内利和他的研究团队有兴趣结合铁磁性和铁电性，这两个性能在室温下极少能够共存在同一个材料中。

“研究人员已经花费了过去十年或者更长的时间来寻找具有这些特性的材料，”麦考密克工程学院的材料科学与工程系助理教授隆迪内利说。“如果这样的材料能被发现，从基本观点来看，它们将是有趣的，同时在技术应用方面更加具有吸引力。”

为了让铁电性能够存在，材料必须是绝缘的。由于这个原因，迄今几乎每一个方法都致力于在绝缘磁性氧化物中寻找多铁性材料。隆迪内利的团队使用一种不同的办法。他们使用量子力学计算来研究一个金属氧化物，锂锇，通过结构配制来形成多铁性材料，把它加在绝缘性材料铌酸锂的中间。

锂锇是一种非磁性和非绝缘性的金属，铌酸锂是绝缘的和铁电性，但是非磁性。通过这两种材料的交替，隆迪内利创造了一种超晶格材料-从量子层面-变得在室温下绝缘、铁磁性和铁电性。

“通过电子相变，极性金属变得绝缘，”隆迪内利解释道。“由于超晶格里面增强的电子-电子相互作用的物理现象，电子跃迁带来了一个有序的磁性状态。”

该研究由美国陆军研究办公室和美国国防部支持，结果发表在《物理评论快报》（Physical Review Letters）上。隆迪内利实验室的博士后研究员达尼洛•普吉奥尼是该论文的第一作者，他在意大利里雅斯特的高级研究国际学校加入成为合作者。

这种实现多铁性材料的新设计理念开辟了电子产品新的可能，包括逻辑处理器和新型的存储器。多铁性材料同时使低耗能电子元器件存在可能，因为它们提供了利用一个电子场来控制磁场极性的可能性，这将消耗较少的能量。

“我们的工作颠覆了一般样式，”隆迪内利说。“我们向你展示，可以从金属氧化物开始，来制造多铁性材料。

来源：美国西北大学。 
Metamaterials Help Machines Hear
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This prototype sensor can separate simultaneous sounds coming from different directions using a unique distortion given by the slice of "pie" that it passes through. Image: Steve Cummer, Duke Univ.
Amid a roomful of auditory stimulation, humans can hone in on a single conversation and dampen extraneous stimuli. Psychologists have referred to this human phenomena as the “cocktail party effect.”

Unlike humans, machines are still playing catch-up in this realm. But a new sensor developed at Duke Univ. may bridge the gap, allowing programs, such as Apple’s Siri, the ability to distinguish specific vocalizations in a crowded room.

Six inches wide and shaped like a pie dotted with honeycombs, the device is plastic. Each of its slices is unique, with individual honeycomb depths varying from hole to hole.

Sounds waves hitting the device are distorted by the honeycomb-like cavities. Each distortion has a unique signature, depending on which slice the sound passed over. A microphone on the other side picks up the sound, and sends it to a computer, which is able to separate the clutter of noises based on the distortions.

“The cavities behave like soda bottles when you blow across their tops,” said Steve Cummer, a professor of electrical and computer engineering at Duke. “The amount of soda left in the bottle, or the depth of the cavities in our case, affects the pitch of the sound they make, and this changes the incoming sound in a subtle but detectable way.”   

To test the system, researchers sent three identical sounds to the sensor from three different directions. It was able to distinguish between the sounds with 96.7% accuracy.

The device utilizes metamaterials and compressive sensing to achieve its end. According to the university, metamaterials is “the combination of natural materials in repeating patterns to achieve unnatural properties.”

Rodger Walser, of the Univ. of Texas at Austin, developed the metamaterials concept in 1999. According to Duke, “the properties of metamaterials are derived both from the inherent properties of their constituent materials, as well as from the geometrical arrangement of those materials.”

Though Duke’s prototype is too large to fit into a smartphone, the researchers think it can be scaled down to work with such technology.

“We think this could improve the performance of voice-activated devices like smartphones and game consoles while also reducing the complexity of the system,” said Abel Xie, a PhD student and lead author of the paper, which appeared in Proceedings of the National Academy of Sciences. “The concept may also have applications outside the world of consumer electronics.”

“I think it could be combined with any medical imaging device that uses waves, such as ultrasounds, to not only improve current sensing methods, but to create entirely new owns,” Xie said.

Researchers are focused on sizing down the device, a task Xie noted as challenging, but not impossible.
超材料协助机器“倾听”
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同时从不同方向传来的声音在穿过“馅饼”状的一面装置后发生失真。图片提供：杜克大学Steve Cummer

在充满听觉刺激的房间里，人可以将注意力集中于具体一场谈话而将其它外在刺激阻扰。心理学家将这一现象称为“鸡尾酒会效应”。
机器在这一领域中仍在追赶人类步伐。然而，在杜克大学发明的一种新式传感器或许可以缩小机器同人的差距。这一传感器可以使如“苹果智能语音助手”类似的程序在嘈杂的房间中有效识别某一声音。
这个传感器由塑料制成，宽六英寸，形状像点缀了蜂窝的馅饼。每面“馅饼”上蜂窝孔深度不同，因此，每面“馅饼”都是唯一的。
声音在击中传感器后因为蜂窝孔发生失真。经过传感器的面不同，所产生的失真便不同。传感器另一面的麦克风会搜集这些声音并将其转入电脑，电脑会根据失真程度区别噪音。
杜克大学电气与计算机工程系教授Steve Cummer,称：“这些孔的作用就像你吹汽水瓶时的瓶口，瓶内汽水数量的多少，就好比是孔的深浅，会影响声音的高度，这些孔使传入的声音发生改变，虽然改变很微弱，但也足以监测到。”

为了测试系统，研究员从三个不同方向传出相同的声音。传感器识别这些声音的准确率达到96.7%。
这个传感器通过超材料和压缩感知来实现其功能。杜克大学称 “超材料是通过自然材料的重复模式以达到其超自然的属性。”

在1999年，来自奥斯汀德克萨斯大学的Rodger Walser发展了“超材料”这一概念。杜克大学指出 “超材料的属性既来自构成其本身材料的内在特质，也取决于这些材料的几何排列。“

虽然杜克大学的传感器原型太大无法放入智能手机，但是，研究员认为可以将有此技术的传感器原型缩小后使用。
此篇文章发表于《美国国家科学院院刊》(Proceedings of the National Academy of Sciences)，本文主要作者杜克大学博士生Abel Xie称 “我们认为这个传感器可以升级靠语音激活的设备，例如，智能手机和游戏机，同时还可以降低系统的复杂性。同样，这个概念也适用于民用电子以外的设备。”

Xie称 “我认为这个传感器可以同任何使用波的医疗成像设备结合，例如，超声波，这样不仅可以提高目前的传感方法，还可以创造完全新的方法。”

研究员目前正致力于缩减装置的大小，Xie指出，这个任务具有挑战性，但并非不能完成。
Researcher develops cheaper, better LED technology

A Florida State University engineering professor has developed a new highly efficient and low cost light emitting diode that could help spur more widespread adoption of the technology.

"It can potentially revolutionize lighting technology," said Assistant Professor of Industrial and Manufacturing Engineering Zhibin Yu. "In general, the cost of LED lighting has been a big concern thus far. Energy savings have not balanced out high costs. This could change that."

Yu developed this new LED technology using a combination of organic and inorganic materials. The material, which dissolve and can be applied like paint, shines a blue, green or red light and can be used to make a light bulb.

But what makes it really special is that it's far simpler to manufacture than existing products on the market.

Most LED materials require engineers to put four or five layers of material on top of each other to create the desired product or effect. Yu's material only requires one layer.

"In the future, to do manufacturing, it's a big challenge if you have to deal with multiple layers," he said.

His research has resulted in an award by the National Science Foundation to further investigate the essential materials and establish the processing platform for the development of intrinsically stretchable, active-matrix organic LED displays.

The discovery was reported in the journal Advanced Materials.

The research is crucial to the development of LED technology, which is fast becoming an avenue to reduce the country's electric consumption. LED lighting is already sold in stores, but widespread adoption has been slow because of the costs associated with the material and the quality.

But, LED lights do save energy.

According to the U.S. Department of Energy, residential LED lighting uses at least 75 percent less energy than regular incandescent lighting.

Yu came to FSU by way of the Energy and Materials Strategic Faculty Hiring Initiative. He is a researcher at the FSU's High-Performance Materials Institute (HPMI), a multidisciplinary research institute dedicated to the research and development of advanced materials and manufacturing technologies.

"HPMI has really benefitted from Dr. Yu's diligent work, as well as the other top researchers who have joined FSU as part of the Energy and Materials Strategic Hiring Initiative," said Richard Liang, director of the High-Performance Materials Institute. 

Journal reference: Advanced Materials  

研究人员研发出成本更低且照明效果更好的LED技术

一名佛罗里达州立大学的工程学教授开发出了一种新的高效且低耗的发光二极管，促进了该技术更广泛的应用。

“这项发明可能会带来照明技术的革命，”工业和制造业工程学助理教授于志斌说道，“总体而言，LED照明的成本迄今为止一直是一个大问题。节约的能源与制造所需高成本并不能持平。而这项发明可以改变这种状况。”

于教授利用一种有机和无机材料的结合体研发出了这种新的LED技术。这种可溶性材料可以像油漆一样使用，制成灯泡后可以发出蓝色、绿色或红色的光。

但它真正的特别之处在于其制造工艺比市场上的现有产品更为简单。

为了营造出期望的产品或照明效果，大多数LED材料需要工程师们将4或5层材料结合，而于教授研发的材料仅需单层。

“在未来的LED制造中，多层材料的处理将会是一个巨大的挑战。”他说道。

他的研究获得了美国国家科学基金会（NSF）的嘉奖，以鼓励其进一步研究基本材料，并建立了研究平台以研发可伸缩且主动矩阵的有机LED显示屏。

这项研究发现发表在了《先进材料》（Advanced Materials）上。

这项研究对于LED技术的发展至关重要，因为LED技术正在迅速成为减少国家电力消耗的解决途径。虽然LED照明设备已经在商店里出售，但因涉及到与材料和质量相关的成本较高使得普及较慢。

然而，LED照明设备确实能起到节约能源的作用。

据美国能源部（U.S. Department of Energy）称，住宅用LED照明与普通白炽灯照明相比至少节能75%以上。

于教授曾通过能源和材料人才战略招募计划（Energy and Materials Strategic Faculty Hiring Initiative）前往前苏联并成为了高性能材料研究所(HPMI)的一名研究员，这个多学科的研究所致力于研发高级材料和制造工艺。

 “于博士的勤奋工作给高性能材料研究所（HPMI）以及前苏联能源和材料战略招聘计划的其他高级研究人员带来了实际性的帮助，” 高性能材料研究所主任理查德•梁说道。
文献引自：《先进材料》  
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